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S.CHO TTKY BARRIER PHQTQB EI1CTQRS 
DESCRIPTION 

CROSS-REFERENCE TO RELATED APPLICATION 

5 60/451 Z7l l T° n daimS Pn0Fity fr ° m ^ ^ "«*— number 

60/451,257^ March 4, 2003, the contents of wh lch are incorporated herein by reference. 

TECHNICAL FIELD: 
BACKGROUND ART: 

instead J"'"* ^- ta| -~^ t o r ba Ir ie rs , k „ow n a S Soho WcybaIliCTS , 
m^d of p* junchons, have bera deve , oped , o ^ jncjdeni • 

E 7 plra0f P riOT » S *o* y b™er fato edpho t0 de te o t or S ared 1 s c lo S ed i „ U S Pa, 
No-.53.,055to Sll epp eKlJr . e(a , andilU ., PatNo 4533 933 to 

of a fih, which couId be . meta , silicjde fita on sjiieoa ^ 

low external quantum efficiency levels, eaaragto 
efll .en c, severe, s „ lunons have bee „ pu , fojth fc y $ ^ ^ »» 

anner as stl.con V-grooves, mcreases the number of passes through the Schottky 
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bamer through ^1 diffraction ofthe incident light, In U.S. Pat. ^ 
placing a rmrror at a quarter wavelength from the metal-semiconductor interface to enhance the 
optrcal absorption of the device. He claimed that, at the design wavelength, most (about 95%) 
of the light will be absorbed. However, the absorption will not be uniform over a wavelength 
5 range, as has been noted by Elabd and Kosonocky in 'Theory and Measurements of 
Photoresponse for Thin Film Pd.Si and PtSi Infrared Schottky-Barrier Detectors With Optical 
Cavity," RCA Review 43, pp. 569-589, 1982 and by Mercer and Helms in "A diffusion model 
for the mtemal photoresponse of PtSi/p-Si Schottky barrier diodes," J. Appl. Phys. 65 (12) 15 
June 1989. m each case, the authors reported that they investigated Schottky barrier 
10 P^odetec™^ 

them to be wavelength dependent. 

It is also posable ,o increase the optical absorption in a Schottky barrier photodetector 
by mductng a surface p.asmo„ mode a, the metal-semiconductor interface. This was achieved 
by reflating the incident light by a semicylindrical lens, according to U. S. Pat No 5 685 9 19 
15 WS "'°«*'-fc'W»ase,increased^^^^ 

of the light According ,o U. S. Pat. No. 5,625,729 to Brown, coupling of ft. incident light to 
the surface plasmon mode was also achieved by use of a grating, which also requires the 

uK.denthghttobea.ftecorrectangJe.Theangieofincidencereomredforbo.hs^cturea varies 
wth the wavelength of the incident light, therefore at specific ang.es these devices win be 
narrow band detectors. To be broadband, ftey need to incorporate some kind of method of 
adjusnng the incident angle of the light depending on its wavelength. 

AH of ihe above mentioned prior art require that the incident light be either nomtal or 
^-pecifioang.etothemetel-aemtconduetor interface, making integration with optical fibers 
and other optica, waveguides in an integrated optica, circuit difficu... Yang « „ in U. S. Pa, 
No. 4,857,973, propose a solution ,„ this integration problem. Theyintegrate a silicon channel 
wavegu.de with one or two Schottky barrier photodetector, The Schottky devices are p.aced 
above and be.ow.he waveguide so tha, the "tea-region ^ optica) mode ^ ^ 
and ts absorbed. They Cairn tha, up to 70-/. of the incident light can he absorbed by these 
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Photometer, This is stiU no. entirely satisfactory since a, leas, 30% of the incident light is 
lost. 

JT.con.e^offteabove.mention.dteetaiea, articles and US patents are incorporated 
hereur by reference, and the reader is directed to them for reference 

5 

DISCLOSURE OF INVENTION: 

^ ob J«'»f^P^».inve„tio„i sto „verc„ ra e„ r a,,eaa,miti,a te thed i sadvan t a g es 
of .he pnor art photodetectors, or at least prov.de an alternative. 

According present . Schott^ barter photodetec.or means comprises 

awave^desn.cnrrefomredbya snip of metalhe materia, surrounded by materia, havmg . 

of th surp, me stnp having ^ ^ ^ ^ ^ ^ ^ ^ 

■natena, a Schotticy barrier being fomred between satd one side of the strip and the 
semteon uctor matenal, me photodetector means further comprising means for app.ying bias 

^^^^ngmeansmaycompriaeatleaatoneohrniccontactappliedto 

^Omesnrp.suchcontactmea.maycompriaea.leastonecon.ac.connecedtothesrtpbyatleas, 
one co ^ extend]ng ^ fte sem;cMductor ma(eriai 

optically non-invasive electrical contacts. 

oooo St ^ C0M,eC,OT ^ C ° mPriSe hi8h ' y - d0ped ~duc,or material doped 

Zr;7 COmPriSeat,eaSt ° neCOre0f — ' — — * 

surroundmg marenal, the bole being ,i„ed by an insulating s.eeve surrounding the core 

contact f ^ C0 "' aCt """" ^ COmpriSe * » °f —paced 
contact fmgera connecting the connector to the strip. ^ .ongate contact portion ending 
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and the at least one connector. 

The serial on the opposite side of the strip also may comprise a semiconduc(or 
- t -4U.er e byp ro vidi ngaS eco»dScho,,) (y ba r nera«,h ej n. er face t he r ebe toem . M eed the 

four Schodky banner interface* between the four sid « of ^ strip ^ ^ 5a] . 
material. 

Tbe widd, and th.Cmess of.be strip maybe of.be same orfer, which may be especiaUy 

tbe photodetector, substantially polarization-insensitive. 

h - h >Pfc~or, tt emam^ 
can be exctted in the Schottxy barier pbotodetector by the endfire tecnn^. Th e wave^ide 
« on may.e an endfire excited fl „ ite width metallic plasm<m £ 
.5 d, ^edbyBenn,in U . S . Pat . No . 6 , 442 , 3211hecomentsofwhicharei ttn ^J y 
reference, and to which the reader is directed for reference. 

me waveguide s W p i te e,f is ft. metallic ^ of ^ ^ ^ 
Plaanron mode ,s excited directly a, the interface between *. semiconductor materia, and th e 
stop, contcden. w,th ft. Schotdcy barrier, thus providing itnproved high efficiency 
20 The metaUic m a,erial may comprise a suitable meal, such as gold, copper, aluminum 

^.conductor matenal is sihcon or a metai ge m amde if the semiconductor matena, is 
~ « « of hoth if the semiconductor materia! is sihcon-germanium 

fotmed from elements of Column !V of me Mendeleev periodic tab.e; or a compound 
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^Konduc«o rmateria I fom ed fr « m e,e me „«ofColum„ sfflMd Vof,heMe„daI e evpenod i c 
table; or a compound semiconductor material formed from elements of Columns n and VI „f 
the Mendeleev periodic table. 

Preferably, the semiconductor material Selected fromthe^up consisting of silicon 
ger^um.sfficon-sermanium^ 

carbtd. nn, gallium arsenide, indium phosphide, gallium aluminum phosphide, gallium 
a lumtnum arsenide, gaffium indium phosphide, gaUium indium arsenide, gaffium indium 

alum.nu^phosphide.ga.Humindiumalusninumaraemde.gamummdiuma^enidephosphide 
and gallium aluminum arsenide phosphide. 

10 When silicon is used as the semiconductor material, metal silicides, such as P M nmi . 

aseds rcides.pallaaum-b^^ 
based sthctdes and nickel-based silicides, can be used for the strip. 

Preferably, the si.iconphotodetec.or is configured to detect signa.s having wavelength* 
» the range from . , to ,.7 micros bu, is no, restricted to that range. Wavelengms within this 
range are profaned, however, because ir encompasses communications wavelengths and a, 
those wavelengths, their energies are below the bandgap of silicon. 

m some preferred embodiments, the semiconductor is a p-type material. I, is, however 

alsoposstbletoconsm.ctdresephotodetecto.withann-typematerial.TTteactualdopingprofito 
- no, specifically described in this disclosure, as ,here are multiple possibiliries which are 
desenbed by ,he prior art Preferably, hrgher doping is provided dose to me ohmic contacts ,o 
reduce resistance. 

A dopant -spike", i,„ a highly doped thin layer, maybe provided a, me interface with 
me smp, Its and doping being controlled to adjust <he heigh, of the SehoWcy barrier 

T ' 10 K ° SOnOCky " * U S - N ° 4 ' 9 ° 8 ' 6M » M -*- - Pa, 

whrch the reader is directed for reference. 

rem , * "7 emb0dimentS • ' " tmM « *» «* ° f *• —guide 

remote from me end from which the light for detection is coup.ed to the strip. Reflecting 
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«e ,ost ^ m back int0 fte devke jncreasK absoipt;on 
coafngontheendsuiftceoflhephotodeteclor. 

ftroughou, by Mkc reference numerals in ta ^ ^ "~ 
BRIEF DESCRIPTION OF THE DRAWINGS' 

figures 2A and 2B are a cross-secnona. views of ft. p h „ todetector . 

Figures3A,3Band3Careplanviewsoftm, m vui _,u 
fte pho.ooe.ee.or; ,0P ' m ' ddle ^~e.aIi S a,i„„ layers of 
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DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

PWnpoIarfton waveguioe 1M I Wd ^ * "* ^ " 3 ^ ^ 

Pho.ode.ecIor.T^oScolv!' ^^"""^""^"gaSeho^^er 
Two Schottky bamera are used in ft e detec(ion ^ _ on 
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ando„ t hebo tt „ m n2of t hewav= g uide.Theo P «ca lsi g n a 1 fo r de,ecdo n . fr o m a W ave g uide,40 
(see F.gures 3B and 5), win be endfire coup,ed into «he waveguide .00 , U., directs i„,„ tire 
page » Figure 1, and ,s shown i„ Figurc 4 , h , mm ^ . $ tf ^ 

™~P«'«fore^^ 

for detection coupled from free space in an endure manner. 

Figure 1 ind.ca.ea how, oreversebias fte Schottky barrier in bom doping cases. When 
an n-rvpe dopant is used, reverse biasing is achieved by estebtishing a positive potentia, 
dtiTerence across me Schonky barrier, berween me semiconductor ,12 and the waveguide 100 
as shown in Figure 1A. When a p,ype dopan. is used, reverse bias is achieved by app^ng me' 
opposnepotentia, difference across me SchoWcy barrier, berween me metal waveguide ,00 and 
the semiconductor 112, as shown in Figure IB. 

wh.ch.sbynomeansmeoniyconftgurationpossibiew.minmescopeofmepreaen, invention 
The electrode configuration comprises two ohmic contacts to me semiconductor: one contact 
lOon the bottom and theother contact ,08 on thetop. Thebotiom ohmic contact 1.0 runs the 

engmandwidmofthedevice.whereasmetopohmicconrac.lOOrunstheiengthofthedevice 
bu, 1S na^wer in width than the device aHowing room for the contacts to the wavegurde ,00 
The electrode configuration also comprises electrical contacts 102, ,03 104 , 06 

toough Ae contacts ,05 on me top of the device, connected to contact portions 103 by vias 
104, m the form of trenches running almost the ,engm of the semiconductor body 1,2 bu, 
s,„pp,„g shor, a, each end. The co„,ac, portions ,03 are connect to me waveguide i„ 0 by 
eontec, fingers 102, as i„ustia,ed ,„ Figures 2, 3B and 4. The elecrical comacs to J 

me wavegmde ,«vel ,03 .hrough vias 1.4. The cou te ,s a, tire waveguide ,eve, ,03 mahe 
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contact to the waveguide 1 00 through optically non-invasive contact fingers 1 02. The optically 
non-invasive contact fingers have width, w, of the same order as the waveguide width, w, as 
shown in Figure 3B, so as not to disrupt the plasmon polariton mode as it propagates along the 
waveguide. The contact finger length, L, is selected such that the contact portions 1 03 and vias 
5 104 are positioned away from the plasmon polariton mode propagating along the waveguide 
100. The thickness of the contact fingers 102 and the contact portions 103 can be less than or 
equal to the thickness of the waveguide 100. 

The vias 104 which connect contact portions 103 to contacts 106, could be, for example 
oppositely-doped semiconductor material as shown in Figures 2A, 2B, and 4. Alternatively as 
10 shown in Figures 7A and 7B, which illustrate a modified photodetector that otherwise' is 
identical to that shown in Figures 2A and 2B, the connectors may be formed by trenches 125 
that have a lining 126 of insulation on side and end surfaces and are filled with metal to form 
a metal connector 127. 

Figures 3A, 3B and 3C show the three different totalisation layers of the device The 
15 top layer, shown in Figure 3A, comprises the contacts to toe wavegutde 10« and toe ohmtc 
contact to the semiconductor 108 that runs toe length of the device. The waveguide layer, shown 
m Figure 3B, comprises toe waveguide 1 00 and the contacts to toe waveguide 102 and 1 03 The 
contacts to the waveguide comprise contact portions 103 that run alongside the waveguide and 
contacting 102 that makecontac, to the waveguide. Thebottom layer, shown inFigureSC 
20 compnses an ohmic contact 110 to toe semiconductor that runs toe length and toe width of toe 
device. 

Figure4show s toerelativepositi„noftoewaveg„idetotoecontactsl02,103 106 108 
110 and vas 104. The ohmic contacts to toe top 108 and bottom 110 of the semiconductor are' 
used to bias both Schotticy barrier contacts 120 and 122. Talcing advantage of toe double 

and mcreaseatheresponsivityofthephotodetector. Of course, ottiyonebamer could be used, 
if desired or necessary. 
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It . posstble ,0 further increase the responsivny of the device by inducing a reflector 

a.fteou^utofthewave^de.Forexantpie.asahowninFigureS.aBragggratog^oeuaed 

as flte reflector »0. ITre Bragg ^ g my be co„ sta c W using flte same plastnon-poiariton 
waveguide aructure as the waveguide 100. The use of Bragg gratings in finite width plasmon 
po.an.on waveguides is disclosed by letie „ al in US Paten, Application number 09/915 363 

andIn,emat iO na.pa,en,app 1 ica„o„PCT/CA01/0.077(WO02108 1 5).Thereflectorl30would 
reflect oOrerwise loa, radiation back into ,he device, thereby increasing the absorption and 
hence, the responsivity without increas,ng the area of the Schortky barrier contact, Since the 

.o Schorr inoreases wi,h ,he ° f 11,6 scho, * y b ™ —* *■ - «■ - 

^^~«-n-d»d*^^. yUteW>iiiItau jo 

a h,gh reflection coating cou.d be used to coa, tire back face. 128 of tire de.ec.or 

As .Hus.ra.ed in Figures 1 A and IB, .he ,ype of doping used for tire semiconductor can 

and hence, tire m,nimum detect power. Schotiky barrier contacts ma. involve n-type' 
effect on responsivity, dark current, and minimum detectable power 

ThC d W Profile is designed .oimpmvedeviceperforma.ee based on techniques 
known m me art. Typically, mgher d. pi „ g levels in the semiconductor ^ 

-0 ohmtc contacts reduce resistance a, me ohmic contacts. Thus, Figures 1 A and 2 A, for n-ype 
by a distance Ld each side of me strip 100. 

detecti A USWy d0P6d ^ " SCh ° ttky h ™ b «» — - toFOve 

nsrrr in u s pat no - 4 ' 5h939 ,o - * * «■ «■ ~ * 

4,908,686 to Maserjtan, and in U. S. Fat. No. 5,648,297 to Lin er al 
t hes«np,00a, O pposi.eedgesof t he sm p. i ,,meed g e S connec,ed,omeconta!.finger!,0 2 
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CFigu* 4), ,„ con.ro. the da* current (ieakage) a, .hose edges of ^ meW ^ 
Known techniques. 

Tie positions of the comae* and vias, me doping width L, the width of the contact 
fingers w the number of contact Angers, and the period of the contact fingers determine me 
htgh speed to** of the photodetector. The contacts and vias need to be laid our and 
desrgned carefitfiy ,o enab,e high speed operation by minimizing me parasitic Stance 

be nmunused ,„ ora er to be minimaUy opticaily invasive. The dimensions of the waveguide 
the wdm w, the thicks, t , mi length , L> , „ eed „ be ^ 

.0 -Pon-ryandiowdariteurrent.andhence.iowminimumdetectablepowe, 
THEORY 

To ftci^e . proper Qf how (he photodeMctor operMes ^ 

destgnofspectfic embodiment is described, the underiying theory, wi„ be discussed 

bemg absotbed by carriers in the me,, waveguide ,00. m the absorption process, me photon 

^^-^^tobeemitie.aorossmeSoho^ba^er.asbo.esinmep-dopedcase 
^; n r^ todd ^ Skfte ^---^igure <i B.lpL lu : 

e* formed upon) the semiconductor materia. . n and the contacts ,06 by way of the pad, 
defined by contacts 102, 103 vias 104 anH th« • , 

iftll • lrt and the waveguide 100. It should be appreciated that 

i™i;; ; n wever ' * ^ ~ ^ ° f — l 

utcrease, m the tiun fiun case due to an increase in the probabihty of emission of the photo- 
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excited carriers. The internal quantum efficiency is usually defined in the following manner (H 
Elabd and W. F. Kosonocky, 'Theory and Measurements of Photoresponse for Thin Film PdjSi 
and PtSi Infrared Schottky-Barrier Detectors With Optical Cavity," RCA Review 43, PP 569- 
589,1982): 



N 



whereas the total number of possible excited states from which a photo-excited carrier can 
be ermtted over the barrier 0, This is consistent with the analysis by Cohen et al in 
"Investigation of Semiconductor Schottky Barriers for Optical Detection and Cathodic 
Wion/'AirForce Cambridge Research Lab, Report No. 68-0651, 1968, and is defined as 



10 xr "}dN 



N T = \—dE 



dE™ (2) 



where*, is the energy of the radiation, f is the density ofstates Action, which is assumed 

to be constant over the range of integration, and Nis the number ofstates from which carrier 
emission across the barrier $ B may occur and is defined as 



(3) 

15 where P(E) is the probability of emi^on of the photo-excited carriers. 

,f * Ed ^ of ^«^"i^3umed.obeoo„ sto .ov w ,he rang eof int e gra ho„ 
combining equations (1), (2) and (3) yields the internal qnantum efficiency: 

'^1^ (4) 

20 m p, h r? Ckf ' to " e ' ,hePr0b ^ 

(H. E1 ahd and W. F. Kosonocky, "Theory and Measurements of Photoresponse for Tbin Fihn 
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(5) 



where E is the pholo-excited carrier energy in e v, £>$,. 
5 From equation (5), the internal quantum efficialcy h me ^ ^ ^ 



In the thin fito case , with ^ ^ ^ ^ ^ 

mcreaaed due to multiple carrier reflections within the film: 

to the above probabflity conation. is the probability of emissjon „ ^ 

Stven . eouanon (5, „ the probability of ^ „ ^ ^ ^ ^ ^ . ^ 

energy of the photo-excited carriers after * reflections, E t - E^ , where E , is the initial 
15 energy h , L is ^ attenuatlon ^ ^ , . ^ ^ ^ ^ ^ 

is the number of reflections for radiation with energy h v, n = L J 



Jh n the fl]m . The number of carrier reflections depends on the mtio of the anenuation lenmh 
of photo-excted carriers to me fllm thiCness: L/t. The attenuation .eng* of photo-e C I 

greater the I/, ratio the more me intema| qim(uin 
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The external quantum efficiency is defined in terms of the internal quantum efficiency: 
where,* is the absorption, , = where S 8bs is the absorbed power and S inc is the incident 



power. 

5 



The amount of power absorbed depends on the coupling efficiency and the absorption 
of the device: 

4- = Ye -^device (Q) 

where y c is the coupling coefficient. 

The absorption of the device can be calculated from waveguide attenuation data. If ais 
10 the attenuation constant of the waveguide, the absorption of the device is the following: 

^device ~ l-e * QQJ 

where L s is the length of the waveguide. 
The total absorption is therefore 

-«•«•) 

15 Defined in ,e ms of the external quantun, efficiency, the respond is ,he following: 

D- 1 

Tv 02) 
Defined in teams of the internal quantum efficiency, the rcsponsivity is the following: 



where h v is in eV, 

20 



^dbenotedthatther^^ 
the Schottky barrier height and the attenuation of the waveguide, which itself depends on the' 
-tdth and thickness of the w aveg uide metal. An explicit equation showing these relationships 
is given below for the thick film case: 
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2hZ 04) 



optical power: 



(15) 



(16) 



5 ttbed^te^^^^^^ 

accord to the thermionic emission-dif^ion theory (S. M. Sze, PHysics of Semiconductor 
Devices. 2"> ed. Wiley, New y 0rk , 1981, p 262); 

Lurk = ^L s A"T 2 e'^ 

where »L, « a* „ of fte Schonky ^ ^ ^ ^ ^ ^ ^ ' ' 

Richardson coeffie.en,, which is , 10W/k! for ^ ^ ^ 



15 The minimum photocurrent that can be detected conwnnnH* t« a • • 

„ x- , cuciccuea corresponds to the minimum ncident 



"" n * (17) 



where is the minimum detectable Dower and / i* a. • • 
on u- u ■ 1S Ae mi mmum detectable Dhotocurrent 

****>. p ho ,ocu™, Wlll be , ^ ^ w _ ^ 
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IpOfthephotodetector.Forcomparativepuiposes^e™ 
as being larger than the power at the dark current level; 



C w (lark 

* R (18) 



Substituting the definition of toe dark current from equation (16) in,„ the rainimunl detectablc 
5 power equation (18) yields 



- wL,A~T ! e «■ 



X 09) 



It can be seen fiom file previous equations, (14) in particular, that toe responsivity 
decreases as the Schottky barrier heigh, increases but increases as absorption increases, which 
Mf mcreases as the length and width of the waveguide, which is the Schottky barrier 
ureases. K can also be seen from (, 6 ) that the dark current decreases a S the Schottky barrier 
hetgh. tncreases and increases as the Sehottkybarrter area increases. The minimum detectable 
^ i ~-««^l~-d^« 1 ^^ tll ^ Dnfc(lwiai 
htgh responsivity and low dark current, or equivalently low minimum detectable power are 
» desired, however, responsivity and dark current both decrease as the Schottky barrier 
hcgh. tncreases and both increase as me length of the Schottky barrier increases. Because of 
theseconmcnngdesignrequiremen^^ 

meb««performaneecharae,erisfieswim„„,ac,ual,ycompari„ g meabovee q uafio M 

des.redeharaeteris.ics.Formisreasor.itwasimportantto develop memeoryforpremcdngme 
internal quantum efficiency of the present invention 

20 

Specific Ey^ppW »f Pr-fen-^ F m h„rf,„. n| . 

* , Jr fe ^ deVel ^ ab0Ve ' itiSC,CTto,b °* fteSch0 '^ b ^k«8h.andme 
Schottky barrierAvavegnide dimensions affect the photodetector performance. Thelengm and 
cross sectional area of the wavegnide affect the absorption; the longer, wtder and thicker the 

wavegurdemegrea.ermeabsorpfionoflightinmemetallayer.ThesurfaceareaofmeScho*^ 
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bamer comae, affects the da* cu.cn, of ,he d.,ec,or; ft, laIga te metal , emiconductor 
con,ac< area fte grca.cr fte da* current. The grea,er fte da* curren, the higher fte minimum 
de«ec,ab.e power. Jus, as the waveguide dimensions have conflicting effeOs on ,he 
photode,ec«orperformauce so does fte Scho,*y barrier heigh,. The lowerfte Schottlcy barrier 
•heh.gheraedaAcurren^drd.nmum^^^^^ J 
well. The absorption of fte metal waveguide depends no, only on ft. dimensions of '.he 
waveguide bu, also on <he maeria, selection. Depending on fte optical parameter, of me 
matenals used, ,he attenuation wiU vary, and, hence, ,he absorption wi„ vary. The absorption 
goes up as me a„enua,ion goes up. Because of these conflicting des ipi recrements on the 
mmensmna and Schotflcy barrier heigh, i, is »o, a simple manor ,„ choose an appropriate 

"T"*" "* F » <* — * <«*> spaces for some 

ma.enaicombmanonshavebeengenera.edand.hebes.designschosenfrommesearerepor.ed 
herein as prefeired embodiments. 

^P'*°'><>Picalroom,empe^ 
a, a wavelength of 15S 0nm. The photodetector comprises a cobal, disilicide-n-ype riheon 
^ banter, which haa a barrier heigh, of 0.64eV according ,o S. M. S«, P hysics of 

i-*, Witey, New Yo*, ,981,p292. Usingfte atienuationlengftfor 

Ho^ectron transport in epitaxial CoSi, fdms," Physical Review B, Vol. 44 No !5 15 

calculated by me method described by Berini in U s. Pat. No. 6,442,32!, ffid ^ ^ optical 

cons.anBforcobahdisilicidede.erminedbyWnandAralcawain-Ootic, w 7 
CoSiKi^r c- ■• anaflrajcawain Oplical properties of epitaxial 

CoSVS, and CoS, partides in Si from 0.062 ,o 2.76 eV,» J, Appl . 71 (1 1}> , , mc 

loftl IT '° be55 °— nofftewavegmdei S 25 8 dB/cm.When 
h vearespona.vrtyofO.OUl AAV and a minimum detectable power of about -40dBm With 

ZT "^'^^^^^--^O.OUaA.Wartdftemmimum 
detectable power remains the same. 
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If cobalt disilicidc is used on p-type silicon, the responsivity will be greatly improved 
For a cobalt disilicide layer with a thickness of 20nm and length of 0.25mm, photodetectors 
have been designed for radiation at wavelengths of 1310nm and 1550nm. In the 1310nm case 
a waveguide with a width of 225nm will have an attenuation of 1 347dB/cm, a responsivity of 

5 °- 11 ^AyWandaminimumdetectable P owerof-24dBm.mthel550nmcase,awaveguidewiA 
a width of 500nm will have an attenuation of 792dB/cm, a responsivity of 0.0962A/W and a 
minimum detectable power of -20dBm. 

An example of a typical room temperature photodetector has been designed using 
alummum for detection of radiation a. a wavelength of 1 3 lOnnr. The photodetector comprises 

analunrinum.p-tvpesiliconScho.tkybamer.whichhaaabamerheigh.ofO.SSeVaccordingto 
S. M. Sze, Physics of Semiconductor Devices, 2" ed., Wiley, New York 1981 p 291 
Assummg that the attenuation length for photo-exched holes is comparable to that of photo- 
exced electrons, the attenuation lengft for pho.o-exci.ed electrons in aluminum of lOOnm as 

^^fcyQumnm-RangeofExcitedElectronsinMetalCPhyaicalReviewVoliadNo 
15 4, May 15, 1962, can be used in conjunction with the attenuation data for aluminum plasmon 
polanton waveguides in silicon calculated by .he method described by Berini in U. S Pa, No 
M42.32!, and me optical constants for aluminum determined by E. D. Palik in Handtook of 
Opiico, Constants ofSoiids, Academic Press, Inc., Oriando, ,985, .„ define appropriate 
devrce dimensions. The .hickness was chosen «o be lOnm and me width was chosen to be Igm 
a. whrch the attenuation of the waveguide is 95dB/cm. When all of the incident optical power 
ts coupled into the waveguide, a 2mm long photodetector will have a responsivity of 0 0955 
A/W and a mimmum detectab.e power of about -35dBm. The responsivity value corresponds 
to an external quantum efficiency of 0.0904 or 9%. 

to0rtfftoachi " e P oI ^«°«inse„sitivede,ecti„n,meplastnon.polmtonwaveguide 
dtsclosed in International patent application No. PCT/CA 02/00971, i.e., with width and 

mtclmessofthesarneorder.couldbeusedasmestiipiOO.Wimmiswaveguide.pho.o.exeited 

earners areemittedov^theSchoakybaniersfomtedatallfoursidesofthe strip 100,i.ea,the 
four mterfaces between thestrip 100 and the surrourtding semiconductor materia!. Theflteory 
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four barriers resuhs in i„ creased responsivity> ^ „ ^ ^ rf ^ ^ 

I. w.U be appreciated fta,, depending on tbe desired device performance parameters 
many other material combinations and device dimensions can boused to buiid embodiments of 
5 this invention. 

Generally, however, the lengra „ chosen such ^ ^ fc 
absotphon varies with the attenuation per unit iength, so the lengm required ,„ maxima the 
a^orpnon win vary „ iBl the attenuation of the wavegoide, which Ovaries with the width 
and thickness of the metal waveguide strip. 
10 In the above ta p0WM of fte plasmon poiaijton mo<k ^ 

wavegtn o „ subsUnbaUy Wer than it8 pea, vaiue a few tnicromarers from £ edge of L 

.5 sWo/s " T ^ WreCiattd ** ^ *' -W—. use bom 

^.conductor interfaces as Schotdcy barriers, or aU four in the case 
wav Sn.de attrp, it would be „ „ , - 

mpWonductor interface aa a SchollKy barrier. ^ would ^ ^ ~ 
emtconducttr materia, on oniy one ride of the arrip with appropriate relation of the 
biasing contacts/electrode. 0imc 

20 

INDUSTRIAL APPLICABILITY 

Embodiment of Ihepresen, invention pmvide an ahemauve so.ulion to the integral 
pmblem havmg ft e advantage ta substantially total absoIption rf ^ ^ a 

«* and Providian * ^ ^ 

light and P rov,de better responstvity for , gi ven dark curren( 
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In embodiments of the present invention, the finite width metallic waveguide functions 
as theSchottkybamerphotodetector,as well as the waveguide, allowing total absorption of the 
madent light without narrowing the bandwidth. The fact that the photodetector is an endftre 
excited planar device facilitates its integration with other optical and electrical devices The use 
5 Of smcon as the semiconductor unproves the integration possibilities by allowing integration 
with CMOS, BiCMOS and Bipolar processes and electronics. 



